D-based KIE in Total Synthesis SARLAH
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Introduction:
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Kinetic isotope effect (KIE) is observed in between the
isoptopically labelled molecules showing different reaction rates.
Primary KIE is attributed to a bond breaking event at the C-H/C-D
bond.
Vibrational frequency is relative to reduced mass p

- For C-D, lower vibrational frequency and lower zero-point

energy (ZPE)
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Secondary KIE arises when the C-H/C-D bond remains intact
during the rate limiting step
- Produced upon changes in hybridization or through
involvement of hyperconjugation
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Fridericamycin A 1991, Clive:
- Fungal metabolite isolated from OMe  OH OMe 2 OMe OMe
a strain of Streptomyces MeO MeO Br T Meo
griseus (from a soil sample in O‘ OO
Frederick, MD) Br
- Possesses antibiotic properties OMe O OMe OMe

- Powerful antitumor agent

“Preparation of the bromide... proved extremely troublesome
task. It was the most time-consuming part of the synthesis,

Fredericamycin A
and it required a resolute effort to find a convenient route.”

Ph N\ OMe OMe OMe OMe
AN OMe Ph,SnH, AIBN, OMe
) OO toluene, reflux OO
— (X D .
PhSe
o) (0] OMe OMe OMe OMe
B OMe OMe 0 OMe OMe ]
6 endo trig
OMe OMe
R Ph,SnH, BEts, O,, rt i i OMe
0 OMe OMe PhS
€ 0 OMe OMe
1 : 1.15-1.40 Radical generation under milder conditions was not possible

41% 48% Attempts to protect phenols as acetals were unsuccessful

Clive, D. L. J. J. Chem. Soc., Perkin Trans. 1, 1991, 1433. https://doi.org/10.1039/P19910001433. Clive, D. L. J. J. Chem. Soc., Chem. Commun., 1991, 1755. https://doi.org/10.1039/C39910001755.
Clive, D. L. J. Tetrahedron 1993, 49, 7917. https://doi.org/10.1016/S0040-4020(01)88016-9.
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1991, Clive:
1. BuLi;
then H
Ph OTES OMe Ph OCD; OMe OCD; OMe

AN R 1. TMSOTY, TEA

OMe 1. TBAF, AcOH OMe o OMe :
OO 2. NaH, CD;0Ts OO » Db OO 2. PhSeCl
Br Br \

78% over 2 steps 53% over 2 steps 80% over 2 steps

OMe OMe OMe OMe OTMS OMe OMe

“As chance would have it, the route readily
accommodated the required change”

OCD; OMe Ph . OCD; OMe
Ph3SnH, AIBN,
OMe toluene, reflux N OMe
~ C —
>70%
PhSe
OMe OMe o OMe OMe
9.7-18 : 1 Deuterated derivative suppresses the intramolecular HAT
Fridericamycin A, real system:
OTBDPS Ph
OTBDPS OMe OMe
Me Me .
X 1. PhyBICO;
| S OO OMe (B 2. LDA, BuLl, PhSeCl
N~ _— N +
CO,Et —— = 65% 56% over 2 steps
OMe ’
OMe OMeO H OMe OMe

OMe OMe
Ph,SnH, BEts,
O, 1t
- -
-

0,
TBDPSO OMe 50%

single isomer

Fredericamycin A . . . . .
Deuterated derivative was not necessary as radical generation was possible at rt

Clive, D. L. J. J. Am. Chem. Soc. 1994, 116, 11275. https://doi.org/10.1021/ja00104a009
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Guanacastepene A

o)

guanacastepene A

- Diterpene natural product produced
by endophytic fungus in Costa Rica
- Showed activity against antibiotic-
resistant bacteria and hemolytic
activity against red blood cells
- Likely due to nonspecific
membrane lysis

TEA, CD,0D,
J i, 20 h
B

94%

Group
2002, Danishefsky:

OH |
o
Me Me Me Me
Me Me
H
/ undesired ‘O-/ /
-
l desired
R
HID Ri,.7 % 0n HoHou
/ nBuLi _ / N -
Me Me Me Me
Me Me
Ry, Ry = Yield Ratio Yield
R;=R,=H 18% 22:78 65%
""""""""""""""""""""""""""""""""""""""""""""" Deuterated derivative suppresses
Ry=D,Ry=H 9.3% 12:88 % the undesired lithiation
R;=R,= 8.6% 9: 91 84%
[ [
DBU, CD;0D,
/ ,4h / nBuLi PCC
—_— _ _—
9% 84% ca. 80%

Me

Danishefsky, S. J. Tett. Lett. 2002, 43, 5605. https://doi.org/10.1016/S0040-4039(02)01114-0
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The
SLAH
Group

Aziridnomitosenes

Potent antitumor activity:
0

OH O)J\NHZ
OH
H .0 |>NH
N
o}

FR900482

O

OH O)J\NHZ
OH
HO _0 |>NH
N

FR66979
O

|
N,

OH o
A\
R N NH

Hypothesized intermediate
that can cross-link DNA

Target structure:

0
X
N\
N NH

2002, Vedejes:

H
NHTrt NHTrt N
MeO —_ > H — >
B Sn/g\/
u
OH 0" Notes s
CO,Et CO,Et
p COEt 2 2
H
+ @E\ng D + N D SnBug
N NTrt N, f< N\ f<
NTrt NTrt
Ratio=9:36:55
@ CO,Et CO,Et
Li~ CO,Et
°( o \ \
- D Li + Li SnBuj
N N
N NTrt
NTrt NTrt
EtOH EtOH EtOH
. COEt CO,Et CO,Et

D
N NTrt N\ i< N\ i<
NTrt NTrt
Ratio=78:17:5

Deuterated derivative suppresses the undesired lithiation

OMs

CO,Et
N\
N
H
NaHMDS, 60 C
47%
CO,Et
1. MelLi, -65 C
2. EtOD AN
< H SnBuj
N
NTrt
89% over | 1. PhLi, -78 C
2 steps | 2. EtOD
CO,Et
Meli, -65 C
< N D SnBuj
N
NTrt
80% MeLi, -65 C;
then PhSeCl
CO,Et
N\
N NTrt

Vedejes, E. J. Am. Chem. Soc. 2002, 124, 748. https://doi.org/10.1021/ja0120835. Vedejes, E. J. Org. Chem. 2004, 69, 1788. https://doi.org/10.1021/jo030224a

Vedejes, E. J. Org. Chem. 2004, 69, 1794. https://doi.org/10.1021/j0030223i
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Norzoanthamine:

o
R H Me
o H Me
N (0]

Me ‘TO

Me
H
(0]
Me

R = H = Norzoanthamine
R = Me = Zoanthamine

- Heptacyclic marine alkaloids isolated
from Zoanthus species

- Norzoanthamine can suppress the loss
of bone weight and strength in
ovariectomized mice

- Zoanthamine has exhibited powerful
analgesic effects as well as potent
inhibitory activity toward phorbol
myristate-induced inflammation

- First total synthesis: 41 steps with 3.5%
overall yield (2002, Miyashita)

2004, Miyashita:

OAc
O 1.240C
2. HF Pyr
e >
_— 51% over 2 steps

Me Diels-Alder

1. (Me0O),CO, tBulLi;
then Mel

2. tBuOLi;
then Mel

€

Tf,0, 2,6-lutidine;
then DBU

+

66% 30%

Nondeuterated methyl ketone derivative displayed competitive 1,5-HAT

Miyashita, M. Science 2004, 305, 495. https://www.science.org/doi/10.1126/science.1098851
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Norzoanthamine: 2004, Miyashita

OTES
PhsPCD4Br T,0, 2,6-lutidine;
- then DBU
—_—— - +
Wittig
OH
21 steps from . .
(R)-5-methylcyclohexenone Deuterated methyl ketone derivative 9% 81%
suppresses competitive 1,5-HAT
1. BuLi
H
\ﬂ/\s/\a/\NBoc
(0] Me o} \ZL Me
Me
2. DMP
-~ -
————
82% over 2 steps
Al,O;, MeOH

TFA, H,0, 110 C
81% over 3 steps

Y

AcOH, H,0, 100 C

-
L

norzoanthamine
41 steps, 3.5% overall yield

Miyashita, M. Science 2004, 305, 495. https://www.science.org/doi/10.1126/science.1098851
Annie Hooper
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Welwitindolinone Isocyanates and Isonitriles: Garg, 2012

OTBS
NaNH,, AgOTf, Phl(OAC),,
tBuOH Me bathophenanthroline
—_— o >
Indolyne Me Nitrene
Cyclization (0] Insertion Me
(-)-N-Methylwel-
. ) witindolinone C
Garg, N. K. J. Am. Chem. Soc. 2011, 133, 15797. https://doi.org/10.1021/ja206538k Isonitrile

1. Ba(OH), 8 H,0
2. DMP, TFA

AgOTf, Phl(OAC),,

bathopehnanthroline 66% over 2 steps

\j

S

\ \n/ AN
J T |
R= Yield Ratio Yield DMAP
77%
R=H 33% 1.3:1 25% ° quant. 1. HCO,H, Ac,0
________________________________________________________________________________________________________ over 2 steps | 2. Burgess reagent
R=D 60% 7.5:1 8% Cl
M
Deuterated derivative suppresses the undesired insertion of \

intermediate nitrene species into the C10 C-H bond

o}
1. LIEt;B-D N
2. CI;CC(O)NCO; M
then K,CO3, MeOH e
> 48% | LiHMDS, air 47% | NaH, air
quant. over 2 steps
Cl
Me
\\““

“The strategic use of a deuterium kinetic isotope effect in total synthesis is
rare, and the present study marks the first use of this approach to facilitate a
C-H functionalization event en route to natural products”

Garg, N. K. J. Am. Chem. Soc. 2012, 134, 1396. https://doi.org/10.1021/ja210837b
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Seco-prezizaane
Sesquiterpenes

(1R, 10S)-2-0x0-3,4-
dehydroneomajucin

Tun

(2S)-2-hydroxy-3,4-
dehydroneomajucin

CO,Me

(-)-jiadifenin

- Isolated from the dried
fruit of the Chinese
lllicium majus

- Possesses potent
neurotrophic
properties

- Doesn’t exhibit
convulsive toxicity in
mice

2016, Micalizio:

L)

(0]
© © Ti(OiPr),, nBuLi; /> Ve
Br Me TMS —=—=—SnBu, Me 0
Me TMS
S > then PhCHO [ TBDPSO
O):I' _— HO\“ > HO 1 —_—
73%, ds > 20:1 SnBu,
| | hydroxyl-directed
OTBS titanium-mediated Me
Me annulation
conditions
Me
Me Me '
5-exo trig
. B — SilO 1
[Si]O [Si]O e
R O
o) 1. Swern
2. NaBH,
Me Me 3. TsOH Me
67% from ester
D or > H ne
TBDPSO " TBDPSO - 1. Swern Me
3 o 2. HCl TBDPSO' OH
N 3. Pinnick
Me o 4. NaBHy;
then TsOH
0,
Conditions R = Ratio 42% from acetal
AIBN, BusSnH R=H 1:1
---------------------------------------------------------------- (1R, 10S)-2-0x0-3,4-
AIBN, BuzSnD R=D 141 dehydroneomajucin
"""""""""""""""""""""""""""""""" (2S)-2-hydroxy-3,4-
AIBN, TMS,SiH R=H 471 dehydroneomajucin

Micalizio, G. C. J. Am. Chem. Soc. 2016, 138, 1150. https://doi.org/10.1021/jacs.5b12694

(-)-jiadifenin
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Group

(-)-Danicalipin A:

- Chlorosulfolipid

Estimated to comprise >90% of all polar lipids in the flagellar
membrane of Ochromonas danica (freshwater algae)
5 reported syntheses, prior to this report

()-danicalipin A - Most efficient: 9 (Vanderwal) and 12 (Carreira) steps

] LICHCly, ZnCly;
2016, Burns: 1.1CI, 2,6-lutidine then
2. aq. NaOH, I Cy C
Cy, Oy Cr, oy TN os /—( Y
B(MIDA) /_< /—( BuL c? "o I
HO OH O\ /O then MgBI‘2 EtO2 cl Sp”
= . >
. NS
B(pin) cl \% 24% K)\/\/\/\/%\OTBS
Cl Cl
Matteson homologation
nBuLi;
then TFAA,
then cl
Me A
wo 75%
Cl
\j
Ie) 1. CDZ0D; then MeyN(Cl,Br)
Cl  0S0, o, ° 2. BuzSnH, Et;B, O,
Me :

080, 3. CISO;H

cl C Cl

21% over 3 steps
(-)-danicalipin A
® ® O_.R
cl—Br-clI”~  \ H
o)
undesiredk Me4N(Cl,)Br
=z
R=H=86%, 1:3
H H —D=87% 4.
X desired R=D =87%, 1:1
e ® o
Cl—Br-Cl
Deuterated derivative suppresses the undesired etherification by either:
lack of hydrogen bonding (favoring formation of the undesired bromonium) cl O/R Br cl
or H M H B z gy
C-D bond is harder to cleave than the C-H bond /\‘/\_/Y H
c ¢ cl cl  Cl
Burns, N. Z. J. Am. Chem. Soc. 2016, 138, 5150. https://doi.org/10.1021/jacs.6b01643
10/1/2022
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Taxol, Baran 2020:

AcO 0]

“the C2 a-deuterium atom, which served as the smallest
‘protecting group’ that kinetically guided the C1 oxidation”

Me
conditions
_— TBSO 1
A B
1. MeMgBr;
then DIBAL;
then LAH or LAD Me
oxidase phase 2. NaHMDS, TBSCI
TBSO
—_—
—_—
(o3
R= Conditions Results (% yield A/B/C)

R=H DMDO in acetone (0.09 M) 25% 1 45% 1 10%
cyclase phase

R=D DMDO in acetone (0.09 M) 9% 1 12% 1 37%
Me Me T

>:< _):O Deuterated derivative R=D DMDO in DCM (0.21M) 29% 1 11% 1 12%
Me Me — — suppresses the undesired T T T T

o) oxidation R=D DMDO in CHCI; (0.19 M) 34% /1 15% / 10%

R=D DMDO in CHCI5 (0.30 M) 49% /8% / 1%

CHBr3
EtO

Baran, P. J. Am. Chem. Soc. 2020, 142, 10526. https://doi.org/10.1021/jacs.0c03592. Baran, P. J. Org. Chem. 2020, 85, 10293. https://doi.org/10.1021/acs.joc.0c01287
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